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(54) Thin film semiconductor device, production process and production apparatus 



(57) In an MIS field effect transistor having a gate 
electrode (18) formed on a first semiconductor layer 
which is a polycrystalline silicon film on an insulating 
substrate (100) through a gate insulating film (17), a 
channel region (12) formed in the semiconductor layer 
and a source region (20) and a drain region (19) ar- 
ranged on both sides of the channel region (12), a thin 
film semiconductor device has a main orientation of at 
least the channel region of {1 1 0} with respect to the sur- 
face of the gate insulating film. Further, a polycrystalline 



semiconductor film having a main orientation of the sur- 
face almost perpendicular to a direction for connecting 
the source (20) and drain (19) regions of {100} is pref- 
erably used in the channel (12) of a semiconductor de- 
vice. According to the present invention, a semiconduc- 
tor device having a high-quality polycrystalline semicon- 
ductor film whose grain boundary, grain size and crystal 
orientation can be controlled and whose film roughness 
and crystal defects formed by crystallization have been 
reduced can be obtained on the insulating substrate 
(100). 
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Description 

DETAILED DESCRIPTION OF THE INVENTION 
Field of th Inv ntion 

[0001] The present invention relat s to a thin film 
semiconductor device having a polycry stall ine semicon- 
ductor film, and a process and apparatus for producing 
a polycrystalline semiconductor film. The thin film sem- 
iconductor device of the present invention is useful for 
image display devices. 

Related Art 

[0002] The prior art process for crystallizing an amor- 
phous silicon thin film by scanning with a pulse laser will 
be described with reference to Fig.12. Fig.1 2 shows the 
most general process for crystallizing with an excimer 
pulse laser of the prior art. The whole substrate is crys- 
tallized by irradiating a non-crystal silicon film 1 02 , 
which was formed on a substrate 100 through an base 
film 1 01 , with a laser beam 1 05 from a linear excimer 
laser having a width L of several millimeters on the sub- 
strate and moving the laser exposure position at inter- 
vals of 1 to several pulses. In this prior art process, crys- 
tal nuclei are formed at random upon laser exposure. In 
addition, the average distance between the formed crys- 
tal nuclei is 0.5 ujti or less under ordinary laser anneal- 
ing conditions. Therefore, the obtained polycrystalline 
silicon film 1 03 has a grain size of 0.5 ujti or less and is 
not uniform in size. 

[0003] Further, an international patent publication 
W09745827 discloses the following process. That is, 
when the width L of the laser beam 105 shown in Fig. 
12 is reduced to 0.5 urn or less and the position of the 
laser beam 1 05 having this shape is moved 0.5 ujti or 
less each time to irradiate pulses, crystal grows in one 
direction with the initially formed crystal grains as seeds. 
The above one direction is a transverse direction, that 
is, a direction perpendicular to the thickness direction of 
the grown film. 

[0004] In the above process of theprior art, as thetime 
required for crystal growth is 1 00 ns or less, the obtained 
crystals have a grain size of 1 ujti or less and are greatly 
nonuniform in grain size. The orientation of grains is out 
of order, the density of defects is large, and the rough- 
ness of the film surface is large. Therefore, it is impos- 
sible to grow polycrystalline silicon having a large grain 
size or to control the grain size or the position of the 
grain boundary accurately. Therefore, the grain bound- 
ary is included in the channel at random. Consequently, 
it is difficult to improve the characteristic properties, re- 
liability and uniformity of TFT devices. 
[0005] Since the beam must be converged to a size 
of 1 ujti or less in the technology disclosed by the above 
international patent publication W09745827, the ener- 
gy of the laser is lost and the optical system of an irra- 



2 

diation laser become complicated. As the moving dis- 
tance betw en las r pulses is 1 ujti or less, it takes a 
long time to crystallize the whole substrate and it is dif- 
ficult to improv throughput and reduce costs. Particu- 
5 larly, this proc ss cannot be applied to a large-area sub- 
strate. Further, very small distance movement is easily 
influenced by vibration and involves a yield problem. 

SUMMARY OF THE INVENTION 

10 

[0006] It is a first object of the present invention to pro- 
vide a production process and apparatus for forming on 
an insulating substrate made from glass or the like a 
high-quality polycrystalline semiconductor film whose 
is grain boundary, grain size and crystal orientation can be 
controlled and whose film roughness and crystal defects 
formed in crystallization process have been reduced, 
and to provide a thin semiconductor device comprising 
the above polycrystalline semiconductor film. 
[0007] It is a second object of the present invention to 
provide a production process and apparatus for forming 
a low-cost and high-quality polycrystalline semiconduc- 
tor film, which can reduce the number of production 
steps, can be applied to a large-area substrate and have 
a high throughput, and to provide a thin film semicon- 
ductor device comprising the above polycrystalline sem- 
iconductor film. 

[0008] It is a third object of the present invention to 
provide a production process and apparatus for forming 
on an inexpensive insulating substrate made from glass 
or the like a high-quality polycrystalline semiconductor 
film which operates with high performance and high re- 
liability and is excellent in uniformity among devices, 
and to provide a thin film semiconductor device com- 
prising the above polycrystalline semiconductor film. 
[0009] The major aspects of the present invention will 
be described below. 

[001 0] According to a first aspect of the present inven- 
tion, there is provided a thin film semiconductor device 
which has an insulating substrate, a first semiconductor 
film which is a polycrystalline semiconductor film, a gate 
electrode formed on the first semiconductor film through 
a gate, insulating film, first charge transmitting and re- 
ceiving means and second charge transmitting and re- 
ceiving means formed on the first semiconductor film at 
a predetermined interval therebetween, and a channel 
region formed between the first and second charge 
transmitting and receiving means, wherein 

the main orientation of the first semiconductor film 
constituting the channel region is {110} with respect to 
the main surface of the insulating substrate or the gate 
insulating film. 

[001 1 ] It is possible to provide a thin film semiconduc- 
tor device having high reliability by selecting the main 
orientation of the semiconductor film of the channel re- 
gion with respect to the main surface of the insulating 
substrate or the gate insulating film even when a poly- 
crystalline semiconductor film is used. The method of 
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controlling the main orientation of the polycrystalline film 
will be described hereinafter. 

[001 2] An MIS type thin film semiconductor device ac- 
cording to the pr sent invention may vary in structure 
as follows. 

(1 ) An MIS type thin film semiconductor device hav- 
ing a gate electrode which is formed on a predeter- 
mined polycrystalline semiconductor film through a 
gate insulating film. 

(2) An MIS type thin film semiconductor device hav- 
ing a gate electrode which is formed below a pre- 
determined polycrystalline semiconductor film 
through a gate insulating film, 

(3) An MIS type thin film semiconductor device hav- 
ing a gate electrode which is formed on the side of 
a predetermined polycrystalline semiconductor film 
through a gate insulating film. 

[0013] According to a second aspect of the present 
invention, there is provided a thin film semiconductor de- 
vice which has an insulating substrate, a first semicon- 
ductor film which is a polycrystalline semiconductor film, 
a gate electrode formed on the first semiconductor film 
through a gate insulating film, first charge transmitting 
and receiving mean and second charge transmitting and 
receiving means formed on the first semiconductor film 
at a predetermined interval therebetween, and a chan- 
nel region formed between the first and second charge 
transmitting and receiving means, wherein 

the main orientation of the first semiconductor film 
constituting the channel region is {110} with respect to 
the main surface of the insulating substrate or the gate 
insulating film; and the first semiconductor film is essen- 
tially composed of crystal grains having an axis in a lon- 
gitudinal direction of 45° or less with respect to a direc- 
tion for connecting the first and second charge transmit- 
ting and receiving means In the channel region . This thin 
film semiconductor device is a more practical embodi- 
ment of the present invention. 

[0014] In the thin film semiconductor device of the 
present invention, the first semiconductor film compris- 
es a small inclination grain boundary having an angle of 
75° or less with respect to a direction for connecting the 
first and second charge transmitting and receiving 
means. 

[0015] According to a third aspect of the present in- 
vention, there is provided a thin film semiconductor de- 
vice which has an insulating substrate, a first semicon- 
ductorfilm which is a polycrystalline semiconductor film, 
a gate electrode formed on the first semiconductor film 
through a gate insulating film, first charge transmitting 
and receiving mean and second charge transmitting and 
receiving means formed on the first semiconductor film 
at a predetermined interval therebetween, and a chan- 
nel region formed between the first and second charge 
transmitting and receiving means, wherein 

the main orientation of thefirst semiconductor film 



constituting the channel region is {110} with respect to 
the main surface of the insulating substrate or the gate 
insulating film; and the channel region of the first semi- 
conductor film has crystal grains for connecting the first 
5 charge transmitting and receiving means and the sec- 
ond charge transmitting and receiving means. 
[0016] The third aspect of the present invention is 
more preferred. That is, the channel region of the first 
semiconductorfilm is composed of crystal grains having 
10 such a length in a longitudinal direction as to connect 
the first charge transmitting and receiving means and 
the second charge transmitting and receiving means. 
Therefore, a thin film semiconductor device having high- 
er reliability can be provided. 
15 [0017] According to a fourth aspect of the present in- 
vention, there is provided a thin film semiconductor de- 
vice which has an insulating substrate, a first semicon- 
ductorfilm which is a polycrystalline semiconductorfilm, 
a gate electrode formed on the first semiconductor film 
20 through a gate insulating film, first charge transmitting 
and receiving mean and second charge transmitting and 
receiving means formed on thefirst semiconductorfilm 
at a predetermined interval therebetween, and a chan- 
nel region formed between the first and second charge 
25 transmitting and receiving means, wherein 

the main orientation of thefirst semiconductorfilm 
constituting the channel region is {110} with respect to 
the main surface of the insulating substrate or the gate 
insulating film; and the main orientation of the surface 
30 of the first semiconductorfilm substantially perpendicu- 
lar to a direction for connecting the first and second 
charge transmitting and receiving means is {1 00}. The 
channel region of the first semiconductor film is com- 
posed of crystal grains having a length in a longitudinal 
35 direction for connecting the first charge transmitting and 
receiving means and the second charge transmitting 
and receiving means, and the main orientation of the 
polycrystalline film is {100}, thereby making it possible 
to provide a thin film semiconductor device having ex- 
tremely high reliability. Briefly speaking the conclusion, 
this is because each crystal grain has the same proper- 
ties as a monocrystal though the first semiconductorfilm 
is polycrystal. 

[001 8] According to a fifth aspect of the present inven- 
tion, there is provided a thin film semiconductor device 
which has at least two semiconductor device portions 
on an insulating substrate, a second semiconductor lay- 
er and an insulating film layer selectively formed on a 
partial region of the insulating substrate, the laminate 
consisting of the second semiconductor layer and the 
insulating film layer being in contact with a first semicon- 
ductor layer, the second semiconductor layer being not 
existent between a first semiconductor device and a 
second semiconductor device, a gate electrode formed 
on the first semiconductor layer through a gate insulat- 
ing film, first charge transmitting and receiving means 
and second charge transmitting and receiving means 
formed on the first semiconductor film at a predeter- 
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mined interval therebetween, and a channel region 
formed between the first and second charge transmit- 
ting and receiving means. Also in this thin film semicon- 
ductor device, the main orientation of the first semicon- 
ductor film constituting the channel region is more pref- s 
erably {110} with respect to the main surface of the in- 
sulating non-crystalline substrate or the gate insulating 
film. 

[0019] This thin film semiconductor device has the 
second semiconductor layer below a desired semicon- to 
ductor device portion and the semiconductor device por- 
tion has the first aspect of the present invention. Further, 
in the present invention, the second semiconductor lay- 
er may be existent below the desired semiconductor de- 
vice portion and the semiconductor device portion may is 
have any one of the second to fourth aspects of the 
present invention. It is needless to say that the present 
invention can be carried out using any one of the sem- 
iconductor device portions disclosed in this specifica- 
tion. 20 
[0020] According to a sixth aspect of the present in- 
vention, there is provided a thin film semiconductor de- 
vice which has at least two semiconductor device por- 
tions on an insulating substrate, a second thin film which 
is selectively formed on afirstthin film having a first heat 25 
conductivity and which has a second heat conductivity 
higher than the first heat conductivity, the second thin 
film being not in contact with a semiconductor layer and 
arranged between a first semiconductor device portion 
and a second semiconductor device portion, and the 30 
semiconductor device portions being the thin film sem- 
iconductor device of any one of the first to fourth aspects 
of the present invention. 

[0021] According to a seventh aspect of the present 
invention, there is provided a thin film semiconductor de- 35 
vice which has at least two semiconductor device por- 
tions on an insulating substrate, a second thin film which 
is selectively formed on afirstthin film having a first heat 
conductivity and which has a second heat conductivity 
lower than the first heat conductivity, the second thin film *o 
being in contact with a semiconductor layer and not ar- 
ranged between a first semiconductor device portion 
and a second semiconductor device portion, and the 
semiconductor device portions being the thin film sem- 
iconductor device of any one of the first to fourth as- 45 
pects. 

[0022] Practical variations of the thin film semicon- 
ductor device of the present invention will be described 
hereinafter. 

[0023] A semiconductor film production process ac- so 
cording to the major aspects of the present invention will 
be described hereinbelow. A polycrystalline semicon- 
ductor film of interest can be obtained by using the fol- 
lowing process. 

[0024] According to an eighth aspect of the present ss 
invention, there is provided a process for producing a 
polycrystalline semiconductor film by carrying out sep- 
arately the step of growing crystal nuclei in a semicon- 



ductor layer formed on an insulating substrate and the 
step of melt recrystallizing a semiconductor thin film by 
irradiating a laser beam to grow crystal grains. 
[0025] According to a ninth aspect of the present in- 
vention, there is provided a process for producing a 
polycrystalline semiconductor film, wherein a non-crys- 
talline semiconductor film formed on the insulating sub- 
strate is melt recrystallized by irradiating a laser beam 
to grow crystal grains. 

[0026] According to a tenth aspect of the present in- 
vention, there is provided a process for producing a 
polycrystalline semiconductor film, wherein the wave- 
length of the laser beam is selected from a range of 240 
nm to 600 nm and the absorption coefficient for the 
wavelength of the no n -crystalline semiconductor film is 
larger than the absorption coefficient of the polycrystal- 
line semiconductor film. 

[0027] According to an eleventh aspect of the present 
invention, there is provided a process for producing a 
polycrystalline semiconductor film, wherein the crystal 
nuclei of the polycrystalline silicon film formed on the 
insulating film are formed by melt recrystallization by the 
irradiation of a laser beam. 

[0028] The crystal nuclei of the polycrystalline silicon 
film on the insulating substrate are preferably grown by 
catalytic chemical vapor deposition. 
[0029] The production apparatus of the present inven- 
tion comprises means for modulating the pulse width of 
a laser beam, the time-dependent shape of laser beam 
intensity and the interval of laser beam pulses, means 
for shaping the irradiation range of the profile of the laser 
beam irradiated from an oscillation source to a prede- 
termined form and focusing it on an object to be irradi- 
ated, and means of moving the insulating substrate at 
a predetermined speed and pitch in synchronism with 
the irradiation of the laser beam. 
[0030] In the present invention, the charge transmit- 
ting and receiving means generally means a source or 
drain region. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0031] 

Figs. 1 (a) to 1 (c) are diagrams of a semiconductor 
device according to Embodiment 1 of the present 
invention; 

Figs. 2(a) and 2(b) are diagrams for explaining the 
semiconductor device according to Embodiment 1 
of the present invention; 

Figs. 3(a) to 3(e) are sectional views for explaining 
a semiconductor device production process ac- 
cording to the present invention in the order of pro- 
duction steps; 

Fig. 4 is a conceptual diagram of the production ap- 
paratus of the present invention; 
Figs. 5(a) and 5(b) ar diagrams showing time 
changes of laser beam intensity; 
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Figs. 6(a) and 6(b) are diagrams showing examples 
of spatial distribution of laser beam intensity; 
Figs. 7(a) to 7(c) are diagrams for explaining a sem- 
iconductor device according to Embodiment2 of the 
present invention; 

Figs. 8(a) to 8(f) are sectional views for explaining 
a semiconductor device production process ac- 
cording to the present invention in the order of pro- 
duction steps; 

Figs. 9(a) to 9(c) are diagrams for explaining a sem- 
iconductor device according to Embodiments of the 
present invention; 

Figs. 1 0(a) to 1 0(e) are sectional views for explain- 
ing, a semiconductor device production process ac- 
cording to the present invention in the order of pro- 
duction steps; 

Figs. 11(a) to 11(c) are diagrams for explaining a 
semiconductor device according to Embodiment 4 
of the present invention; and 
Fig. 12 is a perspective view showing an example 
of laser beam irradiation of the prior art. 

DETAILED DESCRIPTION OF THE EMBODIMENTS 

[0032] Prior to the explanation of preferred embodi- 
ments of the present invention, a complementary expla- 
nation related to a typical embodiment of the present 
invention will be given. 

[0033] To attain the first and second objects of the 
present invention, the following means is useful. 
[0034] A region thicker than the channel region is 
formed in part of a drain or source region constituting a 
semiconductor layer. Thereby, an extremely useful poly- 
crystalline semiconductor film can be obtained. 
[0035] Further, the above objects can be easily at- 
tained by the following means. 

[0036] The pulse width of the above laser beam is 1 00 
ns to 1 ms and the energy density is 200 mJ/cm 2 to 10 
J/cm 2 . The intensity distribution of the laser beam has 
such a distribution pattern that intensity is uniform in the 
width of the beam, or monotonously increases or de- 
creases from one direction to the other. 
[0037] Further, the above third object can be attained 
by an MIS type field effect transistor having a gate elec- 
trode formed on a first semiconductor layer which is a 
polycrystalline semiconductor film formed on an insulat- 
ing substrate through a gate insulating film, a channel 
region formed on the semiconductor layer and a source 
region and a drain region formed on both sides of the 
channel region, wherein a semiconductor layer which is 
a polycrystalline semiconductor film used in the channel 
of a semiconductor in which the main orientation of crys- 
tal grains constituting the channel region with respect to, 
the surface of the substrate or the gate insulating film is 
{110} and the main orientation of the surface perpendic- 
ular to a direction for connecting the source and drain 
regions is {100}. 

[0038] Further, the above objects can be easily at- 



tained by applying the following features to a polycrys- 
talline semiconductor film. 

[0039] The first feature is that a small inclination angle 
grain boundary having an angle of 75° or less is located 
between the source and drain regions of the channel 
region. 

[0040] The second feature is that the surface rough- 
ness of the channel region is smaller than 20 nm and 
the internal tensile stress of the channel region is 10 9 
dyn/cm 2 or more. 

[0041] The third feature is that the density of metal 
elements contained in the semiconductor layer is 10 19 
cm* 3 or less and the density of crystal defects contained 
in the channel region is 10 17 cm' 3 or less. 
[0042] A preferred example of the thin film semicon- 
ductor device, of the present invention is a thin film sem- 
iconductor device which has a low-melting point glass 
substrate as the above insulating substrate. The insu- 
lating substrate is typified by a non-crystalline substrate 
such as a glass substrate, particularly a low-melting 
point glass substrate. 

[0043] The present invention provides the following 
thin film semiconductor devices: 

(1) A thin film semiconductor device which has an 
undulation with a height of 10 nm or more on the 
surface of the insulating substrate in contact with 
the semiconductor layer. The insulating substrate 
such as a glass substrate has an undulation with a 
height of 10 nm or more. 

(2) A thin film semiconductor device which has a 
thick region thicker than the channel region in part 
of the above charge transmitting and receiving 
means constituting the above semiconductor layer, 
that is, the drain region or the source region. 

(3) A thin film semiconductor device which has at 
least one projection having a width of 5 p,m or less 
and a projection ength of 5 jim or less at the periph- 
ery of the same plane as the semiconductor layer. 

[0044] In the thin film semiconductor device of the 
present invention, the grain size of the semiconductor 
crystals of the channel region may be larger than the 
grain size of the crystal grains of the charge transmitting 
and receiving means, that is, source and drain regions. 
[0045] The present invention also provides the follow- 
ing polycrystalline semiconductor thin film production 
processes: 

(4) A process for producing a polycrystalline semi- 
conductor thin film wherein the pulse width of an ir- 
radiation laser beam is 100 ns to 1 ms. 

(5) A process and apparatus for producing a poly- 
crystalline semiconductor thin film by irradiating a 
non-crystalline or polycrystalline semiconductor 
thin film formed on an insulating substrate with a 
laser beam to melt and recrystallize the semicon- 
ductor thin film, which comprises means of modu- 
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lating the pulse width , the time-dependent shape 
and interval of the laser beam, means of shaping 
the irradiation range of the profile of the laser beam 
from an oscillation source to a pr determin d form 
by an optical system consisting of a plurality of lens- 
es and focusing it on the semiconductor thin film, 
and means of moving the insulating substrate at a 
predetermined speed and pitch in synchronism with 
the irradiation of the laser beam. 

(6) A process and apparatus for producing a poly- 
crystalline semiconductor thin film described in (5), 
which has means of moving the insulating substrate 
or the optical system at a predetermined speed and 
interval in synchronism with the irradiation of the la- 
ser beam and detecting an alignment pattern on the 
insulating substrate at the same time and mean of 
aligning the laser beam with the substrate by an 
interferometer. 

(7) A process and apparatus for producing a poly- 
crystalline semiconductor thin film described in (5) 
or (6), wherein the pulse width of the laser beam is 
1 00 ns to 1 ms, the energy density is 200 mJ/cm 2 
to 10 J/cm 2 , and the rise time, fall time, pulse width 
and pulse interval of the laser beam are controlled 
by polarization with an EO modulator according to 
an external voltage. 

(8) A process and apparatus for producing a poly- 
crystalline semiconductor thin film, wherein the in- 
tensity distribution of the laser beam has such a dis- 
tribution pattern that the intensity in the width of a 
beam is uniform or monotonously increases or de- 
creases from one direction to the other. 

(9) A laser used for the production of the polycrys- 
talline semiconductor thin film of the present inven- 
tion is preferably a solid-state laser or laser diode. 

(10) A process and apparatus for producing a poly- 
crystalline semiconductor thin film, wherein the in- 
tensity distribution of the laser beam has an inten- 
sity gradient of optical energy in a direction parallel 
to the source and drain direction. 

[0046] A thin film semiconductor device, production 
process and production apparatus according to pre- 
ferred embodiments of the present invention will be de- 
scribed hereinafter with reference to the accompanying 
drawings. 

<Embodiment 1> 

[0047] Figs. 1 (a) to 1 (c) are diagrams for explaining a 
thin film semiconductor device according to Embodi- 
ment 1 of the present invention. Figs. 1 (a) to 1 (c) show 
the thin film semiconductor device having three poly- 
crystalline silicon thin film transistors. Fig. 1 (a) is a sec- 
tional view and Fig. 1(b) is a plan view of the thin film 
semiconductor device. In Fig. 1(a) and Fig. 1(b), refer- 
ence numeral 100 denotes an insulating substrate, 101 
underlying layer film, 18 gate electrode and 17 gate in- 



sulating film. A glass substrate is frequently used as the 
insulating substrate. A silicon dioxide (Si0 2 ) film is gen- 
erally used as the above underlying layer film. 
[0048] Each silicon semiconductor layer comprises a 
channel region 12, a source r gion 20, a drain region 
1 9 and a projecting crystal nucleus region 30. The chan- 
nel region 1 2 is composed of a polycrystallin silicon film 
having a large grain size and the crystal nucleus region 
30 is generally composed of a pofycrystalline silicon f ilm 
having a small grain size. 

[0049] In this embodiment, as seen in the plan view 
of Fig. 1 (b), the gate electrodes 1 8 are connected to one 
another. As a matter of course, the gate electrode may 
be formed independently. 

[0050] The channel region 12 having a large grain 
size is obtained by a crystallization method as shown in 
Fig. 1 (c). An amorphous silicon film or polycrystalline 
silicon film is irradiated with an inclined linear laser beam 
having an intensity distribution as shown in Fig. 1(c). 
Reference numeral 105 in Fig. 1(c) denotes a typical in- 
clined intensity distribution of this laser light. The pulse 
width of the laser light is desirably selected from a range 
of 1 00 ns to 1 ms. The optimum laser conditions for ob- 
taining a silicon semiconductor layer film having a thick- 
ness of 300 nm or less and a grain size of for example 
5 uxn which is larger than the length of the channel are 
a pulse width of 1 0 ms and a power of 1 w. When a laser 
beam is irradiated under the above conditions, crystal- 
lization starts from the crystal nucleus region 30 where 
the silicon film is thicker than the silicon film therea- 
round. That is, crystal growth begins from a low-temper- 
ature region. Crystals grow in a direction shown by ar- 
rows in Fig. 1 (c) and a polycrystalline silicon film 31 hav- 
ing a larger grain size than the channel region is formed. 
[0051] Figs. 3(a) to 3(e) are sectional views showing 
the production process of the thin film semiconductor 
device of this embodiment. A base layer which is a sili- 
con dioxide film 101 and an amorphous or polycrystal- 
line silicon film 110 are formed on a non-crystalline sub- 
strate 100 made from glass or the like (Fig. 3(a)). This 
amorphous silicon film or polycrystalline silicon film 110 
is processed into three regions by etching using a gen- 
eral photoresist. At this point, the crystal nucleus region 
30 is formed (Fig. 3(b)). The thus prepared substrate is 
irradiated with laser light having the above-mentioned 
inclined luminous or light intensity (Fig. 3(c)). In this 
case, laser light is adjusted to have inclined luminous 
intensity according to the region of each semiconductor 
device. After the semiconductor thin film is melt and re- 
crystallized, the gate insulating film 1 7 and the gate elec- 
trode 18 are formed (Fig. 3(d)). A source and drain are 
formed by general ion implantation. Impurities such as 
phosphorus and boron are frequently used (Fig. 3(e)). 
[0052] In this embodiment, afterthe polycrystalline sil- 
icon film including the crystal nucleus region 30 is 
formed on the insulating substrate, the step of melt re- 
crystallizing the semiconductor thin film by the irradia- 
tion of a laser beam to grow grains from the above crys- 
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tal nuclei can be carried out separately. The wavelength 
of a laser beam suitable to selectively grow crystal 
grains efficiently is desirably selected from a range of 
240 to 600 nm. The reason for this is that the absorption 
coefficient of the amorphous silicon film at a wavelength 
of 500 nm is about 5 times larger than the absorption 
coefficient of the polycrystalline silicon film. Therefore, 
it is easy to selectively melt recrystallize other semicon- 
ductor layer regions with crystal nuclei composed of a 
polycrystalline silicon film as a seed. Meanwhile, the 
crystal nucleus region composed of a polycrystalline sil- 
icon film having a small grain size on the insulating sub- 
strate can be formed by melt recrystallization with the 
irradiation of a general excimer pulse. laser beam. 
[0053] Figs. 2(a) and 2(b) schematically show the 
crystalline state of the semiconductor layer, particularly 
the channel region. Fig. 2(a) is a sectional view of one 
transistor portion and. Fig. 2(b) is a perspective view of 
the semiconductor layer. The corresponding region in 
Fig. 2(a) and Fig. 2(b) is shown by dotted lines. The 
same reference numerals denote the same elements as 
in Figs. 1(a) to 1(c). This embodiment is the most pre- 
ferred embodiment of the present invention. 
[0054] The main orientation of a polycrystalline sub- 
stance at least in the channel region 1 2 is {1 1 0} with re- 
spect to the surface of the gate insulating film and the 
substrate. The polycrystalline substance is a polycrys- 
talline silicon film having a main orientation of the sur- 
face almost perpendicular to a direction for connecting 
the source region 20 and the drain region 19 such as of 
{100}. A small inclination angle grain boundary having 
a rotation angle of 70° or less is located between a plu- 
rality of crystal grains constituting the channel region 1 2. 
[0055] Further, the surface roughness of the channel 
region 12 is smaller than 20 nm, the internal tensile 
stress is 10 9 dyn/cm 2 or more, and the density of the 
contained crystal defects is 10 17 cm" 3 or less. The den- 
sity of metal elements contained in the whole semicon- 
ductor layer including the channel region 1 2 is 1 0 19 cm* 3 
or less. 

[0056] Fig. 4 shows an example of production appa- 
ratus used in the embodiment of the present invention. 
This apparatus is suitable for the formation of a poly- 
crystalline semiconductor film by melt recrystallizing a 
semiconductor thin film by irradiating the non-crystalline 
or polycrystalline semiconductor thin film formed on the 
insulating substrate 205 shown in Figs. 2(a) and 2(b) 
with a laser beam. This apparatus has a CW laser unit 
200, means of modulating the pulse width , time-depend- 
ent shape and interval of the laser beam (201 , 202, 203), 
optical system for focusing a laser beam from an oscil- 
lation source and moving means capable of moving the 
laser beam relative to an object to be irradiated. The 
modulation means has an EO modulator 201 . polarizing 
plate 202 and driver 203. The optical system comprises 
a beam shaping unit 204 for shaping the profile of the 
laser beam irradiated from the oscillation source to an 
appropriate form by means of an optical system consist- 



ing of a plurality of lenses or diffraction optical element, 
a mirror 208 having a scanning function and focusing 
lens system 207 for focusing the laser beam. The mov- 
ing means is capable of moving the insulating substrate 
5 205 at a predetermined pitch in synchronism with the 
irradiation of the laser beam. 

[0057] The pulse width, time-dependent shape and 
pulse interval of the laser beam are shown in Fig. 5(a) 
and Fig. 5(b). Fig. 5(a) shows the waveform of voltage 

10 applied to the EO modulator 201 and Fig. 5(b) shows 
the waveform of beam intensity through a polarizer. The 
rise time, pulse width, fall time and pulse interval of 
beam intensity can be controlled by voltage from the out- 
side. Figs. 5(a) and 5(b) show two pulses having differ- 

15 ent widths and an inclined pulse to be controlled.. 

[0058] Fig. 6(a) and Fig. 6(b) showthe shapes of laser 
beams. These perspective views show the shapes of a 
laser beam which has been shaped to a desired form 
by the beam shaping unit 204 and focused on a sample 

20 by the focusing lens. Fig. 6(a) shows a distribution pat- 
tern that intensity monotonously increases from one di- 
rection to the other and Fig. 6(b) shows uniform intens 
ity in the width of a beam. When the thin film semicon- 
ductor device of the present invention is to be produced, 

25 if the width direction of the laser beam and the intensity 
distribution of the laser beam are parallel to the source 
and drain directions, large crystal grains are obtained 
efficiently. 

[0059] By moving the insulating substrate 206 or the 
30 mirror208 at a predetermined speed and interval in syn- 
chronism with the irradiation of the laserbeam, a desired 
region can be crystallized. 

[0060] In the present invention, the alignment pattern 
on the insulating substrate can be detected by a level 

35 difference of the semiconductor layer film or a level dif- 
ference in the crystal nucleus region 30 in Figs. 1(a) to 
1(c). Stated more specifically, the laser beam can be 
aligned with the substrate by an interferometer. 
[0061] According to this embodiment, a high-quality 

40 polycrystalline semiconductor film whose grain bound- 
ary, grain size and crystallization direction can be con- 
trolled and whose film roughness and crystal defects 
formed by crystallization have been reduced can be 
formed on the insulating substrate made from glass or 

45 the like. According to this embodiment, a production 
process and apparatus for forming a low-cost and high- 
quality polycrystalline semiconductor film, which can re- 
duce the number of production steps, can be applied to 
a large-area substrate, and have a high throughput are 

50 realized. 

[0062] Further, when the polycrystalline semiconduc- 
tor film shown in this embodiment is used in a MIS type 
field effect transistor, the field effect mobility can be con- 
trolled to about 300 cm 2 /V • s or more and variations in 
55 threshold voltage can be suppressed to ±0.2 V or less. 
Thus, according to the present invention, a thin film sem- 
iconductor device which operates with high perform- 
ance and high reliability and has excellent uniformity 
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among devices can be obtain d. 
[0063] In this embodiment, a polycrystallin silicon 
film is used as a semiconductor film before the irradia- 
tion of a laser b am. When an amorphous silicon film is 
used, the same effect is obtained. In this embodiment, 
an inclined laser beam is used. When a uniform beam 
is us d, the same effect is obtained. Furth r, in this em- 
bodiment, crystals are grown with the crystal nucleus 
region 30 as a starting point. By optimizing the shape of 
a laser beam, the same effect is obtained in a structure 
containing no crystal nuclei 30 on the projection. In this 
case, the initial semiconductor film is a polycrystalline 
silicon film containing crystal nuclei and can be obtained 
by melt recrystallization by the irradiation of an excimer 
laser beam. The same effect is obtained when the above 
polycrystalline silicon film is formed at a low temperature 
by CAT-CVD (Catalytic-Chemical Vapor Deposition). 

Embodiment 2> 

[0064] Figs. 7(a) to 7(c) are diagrams for explaining a 
semiconductor device according to Embodiment 2 of the 
present invention. In this embodiment, a second semi- 
conductor layer is formed below the semiconductor lay- 
er constituting a channel from the viewpoint of crystal 
growth. Figs. 7(a) to 7(c) show three polycrystalline sil- 
icon thin film transistors mounted. Fig. 7(a) is a sectional 
view and Fig. 7(b) is a plan view of the semiconductor 
device. Fig. 7(c) is a sectional view for explaining a laser 
beam irradiation method. 

[0065] In Fig. 7(a) and Fig. 7(b), reference numeral 
1 00 denotes an insulating substrate, 1 01 underlying lay- 
er film, 18 gate electrode and 17 gate insulating film. A 
glass substrate is frequently used as the insulating sub- 
strate. A silicon dioxide film is generally used as the un- 
derlying layer film. 

[0066] The first semiconductor layer has a channel re- 
gion 1 2, source region 20 and drain region 1 9. The chan- 
nel. region 12 is composed of a polycrystalline silicon 
film having a large grain size. A second semiconductor 
layer 41 is selectively inserted between the silicon sem- 
iconductor layer and the underlying layer film 101 with 
an insulating film 40. The second semiconductor layer 
41 is not formed in a region between a plurality of sem- 
iconductor devices. 

[0067] Figs. 8(a) to 8(f) are sectional views showing 
a process for producing the thin film semiconductor de- 
vice of this embodiment. A base layer which is the silicon 
dioxide film 101 , an amorphous silicon layer which is the 
second semiconductor layer 41 and a silicon dioxide lay- 
er 40 are formed on a non-crystalline substrate 1 00 
made from glass or the like (Fig. 8(a)). The above layers 
40 and 41 are processed into three regions of predeter- 
mined thin film semiconductor devices by etching (Fig. 
8(b)). An amorphous silicon film or polycrystalline silicon 
film 110 is formed on the above layers (Fig. 8(c)). The 
thus prepared substrate is irradiated with laser light 1 05 
having the above-mentioned inclined luminous intensity 



(Fig. 8(d)). In this case, laser light is adjusted to have 
inclined luminous intensity according to th region of 
each semiconductor device. In this embodiment, a re- 
gion devoid of the second semiconductor film 40 is a 

5 crystal nucleus region. Aft r the first semiconductor thin 
film is melt recrystaliized, it is processed to a desired 
shape (Fig. 8(e)). The gat insulating film 17 and the 
gate electrode 1 8 are formed on the first semiconductor, 
thin film. A source and a drain are formed by a commonly 

10 used method (Fig. 8(f)). 

[0068] The channel region 12 having a large grain 
size is obtained by a crystallization method shown in Fig. 
7(c). The amorphous silicon film or polycrystalline sili- 
con film is irradiated with an inclined linear laser beam 

15 having an intensity distribution shown in Fig. 7(c). The 
pulse width of the laser is desirably selected from a 
range of 100 ns to 1 ms. The optimum laser conditions 
for obtaining a silicon semiconductor layer film having 
thickness of 100 nm or less and a grain size of 5 urn 

20 which is larger than the length of the channel are a pulse 
width of 10 ms and a power of 1 w. 
[0069] When the laser beam is irradiated under the 
above conditions, crystallization starts from a region de- 
void of the second silicon semiconductor layer below the 

25 silicon semiconductor layer. The reason for this is that 
the laser beam passing through the first silicon semi- 
conductor film reaches the second silicon semiconduc- 
tor film when the laser beam is irradiated. The laser 
beam is absorbed in the second silicon semiconductor 

30 film and the temperature of the semiconductor layer ris- 
es. This temperature rise functions as a heat sink to sup- 
press quenching. In a region where this heat sink is not 
formed in the layer underlying the first silicon semicon- 
ductor layer, the temperature is low and the crystalliza- 

35 tion start time is early. Therefore, crystallization starts 
from the region devoid of the second semiconductor lay- 
er below the first silicon semiconductor layer and the re- 
gion becomes the crystal nucleus region 42.. The wave- 
length of a laser beam suitable for selectively growing 

40 crystal grains at a high efficiency is desirably selected 
from a range of 240 to 600 nm. In this embodiment, after 
a polycrystalline silicon film including the crystal nucleus 
region 30 is formed on the insulating substrate, the step 
of melt recrystallizing the semiconductor thin film by the 

45 irradiation of a laser beam to grow grains from the crystal 
nuclei can be carried out separately. The crystal nucleus 
region composed of a polycrystalline silicon film having 
a small grain size on the insulating substrate can be 
formed by melt recrystallization with the irradiation of a 

so laser beam from an excimer pulse laser of the prior art. 
[0070] Figs. 2(a) and 2(b) show the crystal state of the 
semiconductor layer, particularly the channel region. 
The semiconductor layer is composed of a polycrystal- 
line silicon film in which at least the main orientation of 

55 the channel region is {110} with respect to the surface 
of the gate insulating film and the main orientation of the 
surface almost perpendicular to a direction for connect- 
ing the above source region 20 and the drain region 19 
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is {100}. A small inclination angle grain boundary having 
a rotation angle of 75° or less is formed between a plu- 
rality of crystal grains constituting the channel region 1 2. 
Further, the surface roughness of the channel region 12 
is smaller than 20 nm, the internal tensile stress thereof 
is 1 0 9 dyn/cm 2 or more, and the density of crystal de- 
fects contained therein is 1 0 17 cnr 3 or less. The density 
of metal elements contained in the whole semiconductor 
layer including the channel region 12 is 10 19 cm' 3 or 
less. 

[0071] When the production process and apparatus 
for forming a polycrystalline semiconductor film by melt 
recrystallizing a semiconductor thin film shown in Fig. 4 
of Embodiment 1 are used, the same effect is obtained. 
In this embodiment, the alignment pattern on the insu- 
lating substrate can be detected by a level difference 
between the second semiconductor layer film 41 and the 
insulating film 40 or a level difference in the crystal nu- 
cleus region 42 in Fig. 8. 

[0072J According to this embodiment, a high-quality 
polycrystalline semiconductor film whose grain bound- 
ary, grain size and crystal orientation can be controlled 
and whose film roughness and crystal defects formed 
by crystallization have been reduced can be formed on 
the insulating substrate made from glass or the like. Ac- 
cording to this embodiment, a production process and 
apparatus for forming a low-cost and high-quality poly- 
crystalline semiconductor film, which can reduce the 
number of production steps, can be applied to a large- 
area substrate, and have a high throughput are realized. 
Further, when the polycrystalline semiconductor film 
shown in this embodiment is used in an MIS type field 
effect transistor, the field effect . mobility can be control- 
led to be about 300 crrPN • s or more and variations in 
threshold voltage can be suppressed to ±0.2 V or less. 
According to this embodiment, a semiconductor device 
which operates with high performance and high reliabil- 
ity and is excellent in uniformity among devices can be 
obtained. 

<Embodiment 3> 

[0073] Figs. 9(a) to 9(c) are diagrams for explaining a 
semiconductor device according to Embodiments of the 
present invention. In this embodiment, a member which 
facilitates the partial radiation of heat during crystal 
growth is used. 

[0074] Figs. 9(a) to 9(c) show a semiconductor device 
having three polycrystalline silicon thin film transistors 
formed thereon. Fig. 9(a) is a sectional view and Fig. 9 
(b) is a plan view of the semiconductor device. 
[0075] In Figs. 9(a) and 9(b), reference numeral 100 
denotes an insulating substrate, 101 underlying layer 
film, 19 gate electrode and 17 gate insulating film. The 
semiconductor layer is composed of a channel region 
12, source region 20 and drain region 19, and the chan- 
nel region 1 2 is composed of a polycrystalline silicon film 
having a large grain size. An insulating film 50 is selec- 



tively formed on the underlying layer film 101 between 
a plurality of semiconductor devices. The heat conduc- 
tivity of the insulating film 50 is higher than the heat con- 
ductivity of the underlying layer film 101 and the insuiat- 

5 ing substrate 100. 

[0076] Figs. 10(a) to 10(e) are sectional views show- 
ing the production process of the thin film semiconductor 
device of this embodiment. A base layer which is a sili- 
con dioxide film 101 and a Si 3 N 4 layer as the insulating 

w film 50 having a higher heat conductivity than the under- 
lying layer film 101 are formed on the non-crystalline 
substrate 1 00 made from glass or the like (Fig. 10(a)). 
This insulating film 50 provide is for the area of each thin 
film semiconductor device. The region where this insu- 

15 lating film 50 is provided is a crystal nucleus region. An 
amorphous silicon film or polycrystalline silicon film 110 
is formed on the thus prepared substrate (Fig. 10(b)). 
The thus prepared substrate is irradiated with laser light 
105 having the above inclined luminous intensity (Fig. 

20 10(c)). In this case, laser light is adjusted to have the 
above inclined luminous intensity according to the area 
of each semiconductor device. After the melt recrystal- 
lization of the first semiconductor thin film, the first sem- 
iconductor thin film is processedto a desired shape (Fig. 

25 1 0(d)). The gate insulating film 1 7 and the gate electrode 
18 are formed on this first semiconductor thin film. A 
source and a drain are formed by a general method (Fig. 
10(e)). 

[0077] The channel region 12 having a large gram 

30 size is obtained by a crystallization method shown in Fig. 
9(c). The amorphous silicon film or polycrystalline sili- 
con film is irradiated with an inclined linear laser beam 
having an intensity distribution shown in Fig. 9(c). The 
pulse width of the laser is desirably selected from a 

35 range of 1 00 ns to 1 ms. The optimum laser conditions, 
for obtaining a silicon semiconductor layer film having 
thickness of 100 nm or less and a grain size of 5 u.m 
which is larger than the length of the channel are a pulse 
width of 10 \xs and a power of 1 w. When a laser beam 

40 is irradiated under the above conditions, crystallization 
starts from the region where the insulating film 50 is 
formed below the silicon semiconductor layer. The rea- 
son for this is that the semiconductor region having the 
insulating film 50 therebeneath has a larger amount of 

45 heat dissipated downward than other semiconductor 
film regions as the heat conductivity of the insulating film 
50 is higher than the heat conductivity of the amorphous 
silicon film or polycrystalline silicon film 110 with the re- 
sult that that semiconductor region becomes a crystal 

so nucleus region due to an early reduction in temperature 
and an early crystallization start time. In this embodi- 
ment, after a polycrystalline silicon film including the 
crystal nucleus region 30 is formed on the insulating 
substrate, the step of melt recrystallizing the semicon- 

55 ductorthin film by irradiating a laser beam to grow grains 
from the crystal nuclei can be carried out separately. The 
crystal nucleus region composed of a polycrystalline sil- 
icon film having a small grain size on the insulating sub- 



10 



>CID: <EP 1 22751 6A2J_> 



V 



17 



EP1 227 516 A2 



18 



strate can be formed by melt recrystallization by the ir- 
radiation of a laser b am from an excimer pulse laser of 
the prior art. In this embodiment, the insulating film 50 
is processed to a rectangular shape. Wh n the insulat- 
ing film 50 is proc ss d to a linear shape, the same ef- 
fect is obtained. A silicon nitride film is suitable for use 
as the insulating film 50. 

[0078] Figs. 2(a) and 2(b) show the crystal state of the 
semiconductor layer, particularly the channel region. 
The semiconductor layer is composed of a polycrystal- 
line silicon film in which at least the main orientation of 
the channel region is {110} with respect to the surface 
of the gate insulating film and the main orientation of the 
surface almost perpendicular to a direction for connect- 
ing the above source region 20 and the drain region 19 
is {1 00}. A small inclination angle grain boundary having 
a rotation angle of 70° or less is formed between a plu- 
rality of crystal grains constituting the channel region 1 2. 
Further, the surface roughness of the channel region 1 2 
is smaller than 20 nm, the internal tensile stress thereof 
is 1 0 9 dyn/cm 2 or more, the density of crystal defects 
contained therein is 10 17 nrr 3 or less, and the density of 
metal elements contained in the whole semiconductor 
layer including the channel region 12 is 10 19 cm" 3 or 
less. 

[0079] When the production process and apparatus 
for forming a poly crystal line semiconductor film by melt 
recrystallizing a semiconductor thin film shown in Figs . 
3(a) to 3(e) of Embodiment 1 are used, the same effect 
is obtained. In this embodiment, the alignment pattern 
on the insulating substrate can be detected by the level 
difference of the insulating film 51 in Figs. 11 (a) to 11 (c). 
[0080] According to this embodiment, a high-quality 
polycrystalline semiconductor film whose grain bound- 
ary, grain size and crystal orientation can be controlled 
and whose film roughness and crystal defects formed 
by crystallization have been reduced can be formed on 
the insulating substrate made from glass or the like. Ac- 
cording to this embodiment, a production process and 
apparatus for forming a low-cost and high-quality poly- 
crystalline semiconductor film, which can reduce the 
number of production steps, can be applied to a large- 
area substrate, and have a high throughput are realized. 
Further, when the polycrystalline semiconductor film of 
this embodiment is used in an MIS type field effect tran- 
sistor, the field effect mobility can be controlled to be 
about 300 cm 2 /V - s or more, variations in threshold volt- 
age can be suppressed to ±0.2 V or less, and a semi- 
conductor device which operates with high performance 
and high reliability and is excellent in uniformity among 
devices can be obtained. 

<Embodiment 4> 

[0081] Figs. 11 (a) to 1 1 (c) are diagrams for explaining 
a semiconductor device according to Embodiment 4 of 
the pres nt invention. Fig. 11 (a) is a sectional view of 
a semiconductor device having three polycrystalline sil- 



icon thin film transistors formed thereon and Fig. 11 (b) 
is a plan view thereof, in Figs. 11(a) and 11(b), reference 
numeral 100 denotes an insulating substrate, 101 un- 
derlying layer film, 51 insulating film, 18 gate electrode 

5 and 17 gate insulating film. The s miconductor layer 
comprises a chann I r gion 12, source r gion 20 and 
drain region 1 9, and th channel region 12 is composed 
of a polycrystalline silicon film having a large grain size. 
The insulating film 51 is selectively inserted between the 

w silicon semiconductor layer and the underlying layer film 
101. The heat conductivity of the insulating film 51 is 
made lower than the he at conductivity of the amorphous 
silicon film or polycrystalline silicon film 31 . 
[0082] The channel region 12 having a large grain 

15 size is obtained by a crystallization method shown in Fig. 
11(c). The amorphous silicon film or polycrystalline sili- 
con film is irradiated with an inclined linear laser beam 
having an intensity distribution shown in Fig. 11(c). The 
pulse width of the laser is desirably selected from a 

20 range of 100 ns to 1 ms. The optimum laser conditions 
for obtaining a silicon semiconductor layer film having 
thickness of 1 00 nm or less and a grain size of 5 urn 
which is larger than the length of the channel are a pulse 
width of 10 us and a power of 1 w. When a laser beam 

25 is irradiated under the above conditions, crystallization 
starts from a region where the insulating film 51 is not 
formed below the silicon semiconductor layer. The rea- 
son for this is that the semiconductor region having the 
insulating film 51 therebeneath has a smaller amount of 

30 heat dissipated downward than other semiconductor 
film regions as the heat conductivity of the insulating film 
51 is lower than the heat conductivity of the amorphous 
silicon film or polycrystalline silicon film 31 with the result 
that that semiconductor region becomes a crystal nu- 

35 cleus region 42 due to an early reduction in temperature 
and an early crystallization start time. In this embodi- 
ment, after a polycrystalline silicon film including the 
crystal nucleus region 42 is formed on the insulating 
substrate, the step of melt recrystallizing the semicon- 

40 ductorthin film by irradiating a laser beam to grow grains 
from the crystal nuclei can be carried out separately. The 
crystal nucleus region composed of a polycrystalline sil- 
icon film having a small grain size on the insulating sub- 
strate can be formed by melt recrystallization by the ir- 

45 radiation of a laser beam from an excimer pulse laser of 
the prior art. An insulating film having a small density 
and a small dielectric constant or a porous silicon oxide 
film is suitable for use as the insulating film 51 . 
[0083] Figs. 2(a) and 2(b) show the crystal state of the 

so semiconductor layer, particularly the channel region. 
The semiconductor layer is composed of a polycrystal- 
line silicon film in which at least the main orientation of 
the channel region is {110} with respect to the surface 
of the gate insulating film . and the main orientation of 

55 the surface almost perpendicular to a direction for con- 
necting the above source region 20 and the drain region 
19 is {100}. A small inclination angle grain boundary 
having a rotation angle of 70° or less is. formed between 



11 

OCID: <EP 1 22751 6A2 l_> 



19 



EP 1 227 516 A2 



20 



a plurality of crystal grains constituting the channel re- 
gion 12. Further, the surface roughness of the channel 
region 1 2 is smaller than 20 nm, the internal tensile 
stress thereof is 10 9 dyn/cnr 2 or more, the density of 
crystal defects contained therein is 1 0 17 nr 3 or less, and 
the density of metal elements contained in the whole 
semiconductor layer including the channel region 12 is 
10 19 cm -3 or less. 

[0084] When the production process and apparatus 
for forming a polycrystalline semiconductor film by melt 
recrystallizing a semiconductor thin film shown in Figs. 
3(a) to 3(e) of Embodiment 1 are used, the same effect 
is obtained. In this embodiment, the alignment pattern 
on the insulating substrate can be detected by the level 
difference of the insulating film 50 in Figs. 1 1 (a) to 1 1 (c). 
[0085] According to this embodiment, a high-quality 
polycrystalline semiconductor film whose grain bound- 
ary, grain size and crystal orientation can be controlled 
and whose film roughness and crystal defects formed 
by crystallization have been reduced can be formed on 
the insulating substrate made from glass or the like. Ac- 
cording to this embodiment, a production process and 
apparatus for forming a low-cost and high-quality poly- 
crystalline semiconductor film, which can reduce the 
number of production steps, can be applied to a large- 
area substrate, and have a high throughput are realized. 
Further, when the polycrystalline semiconductor film of 
this embodiment is used in an MIS type field effect tran- 
sistor, the field effect mobility can be controlled to be 
about 300 cm 2 /V ■ s or more, variations in threshold volt- 
age can be suppressed to ±0.2 V or less, and a semi- 
conductor device which operates with high performance 
and high reliability and is excellent in uniformity among 
devices can be obtained. 

[0086] According to the present invention, there is ob- 
tained a semiconductor device having on an insulating 
substrate made from glass orthe like a high-quality poly- 
crystalline semiconductor film whose grain boundary, 
grain size and crystal orientation can be controlled and 
whose film roughness and crystal defects formed by 
crystallization have been reduced. There are also pro- 
vided a production process and apparatus for forming a 
low-cost and high-quality polycrystalline semiconductor 
film, which can reduce the number of production steps, 
can be applied to a large-area substrate, and have a 
high throughput. Moreover, there are obtained a produc- 
tion process and apparatus for forming on an inexpen- 
sive insulating substrate made from glass or the like a 
high-quality polycrystalline semiconductor film which 
operates with high performance and high reliability and 
is excellent in uniformity among devices, as well as a 
semiconductor device comprising the above polycrys- 
talline semiconductor film. 

[0087] According to the present invention, a thin film 
semiconductor device can be formed on a non-crystal- 
line substrate. Further, there is provided a process for 
producing a polycrystalline semiconductor thin film, 
which can be used for the above device. Still further, 



there is provided a production apparatus useful for 
above production process. 



5 Claims 

1 . A thin film semiconductor device comprising: 

an insulating substrate (100), 
io a first semiconductor film which is a polycrys- 

talline semiconductor film, 
a gate electrode (1 8) formed on the first semi- 
conductor film through a gate insulating film 
(17), 

is first charge transmitting and receiving means 

(20) and second charge transmitting and re- 
ceiving means (1 9) formed on the first semicon- 
ductor film at a predetermined interval therebe- 
tween, and 

20 a channel region (1 2) formed between the first 

(20) and second (1 9) charge transmitting and 
receiving means, wherein 
the main orientation of the first semiconductor 
film constituting the channel region (1 2) is {1 1 0} 

25 with respect to the main surface of the insulat- 

ing substrate (100) or the gate insulating film 
(17). 

2. A thin film semiconductor device comprising: 

30 

an insulating substrate (100), 
a first semiconductor film which is a polycrys- 
talline semiconductor film, 
a gate electrode (18) formed on the first semi- 
35 conductor film through a gate insulating film 

(17), 

first charge transmitting and receiving means 
(20) and second charge transmitting and re- 
ceiving means (19) formed on the first semicon- 
40 ductorfilm at a predetermined interval therebe- 

tween, and 

a channel region (12) formed between the first 
(20) and second (1 9) charge transmitting and 
receiving means, wherein 
45 the main orientation of the first semiconductor 

film constituting the channel region (1 2) is {1 1 0} 
with respect to the main surface of the insulat- 
ing substrate (100) or the gate insulating film 
(17); and 

so the first semiconductor film is essentially com- 

posed of crystal grains having an axis in a lon- 
gitudinal direction of 45° or less with respect to 
a direction for connecting the first (20) and sec- 
ond (19) charge transmitting and receiving 

55 means in the channel region (12). 

3. A thin film semiconductor device comprising: 
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an insulating substrate (100), 
a first semiconductor film which is a poiycrys- 
talline semiconductor film, 
a gate el ctrode (18) formed on the first semi- 
conductor film through a gat insulating film 
(17), 

first charge transmitting and receiving means 
(20) and second charge transmitting and re- 
ceiving means (1 9) formed on the first semicon- 
ductor film at a predetermined interval therebe- 
tween, and 

a channel region (12) formed between the first 
and second charge transmitting and receiving 
means, wherein 

the main orientation of the first semiconductor 
film constituting the channel region (12) is {110} 
with respect to the main surface of the insulat- 
ing substrate (100) or the gate insulating film 
(17); and 

the channel region (12) of the first semiconduc- 
tor film has at least one crystal grain for con- 
necting the first charge transmitting and receiv- 
ing means (20) and the second charge trans- 
mitting and receiving means (19). 

4. A thin film semiconductor device comprising: 

an insulating substrate (100), 
a first semiconductor film which is a polycrys- 
talline semiconductor film, 
a gate electrode (18) formed on the first semi- 
conductor film through a gate insulating film 
(17), 

first charge transmitting and receiving means 
(20) and second charge transmitting and re- 
ceiving means (19) formed on the first semicon- 
ductor film at a predetermined interval therebe- 
tween, and 

a channel region (12) formed between the first 
(20) and second (19) charge transmitting and 
receiving means, wherein 
the main orientation of the first semiconductor 
film constituting the channel region (1 2) is {1 1 0} 
with respect to the main surface of the insulat- 
ing substrate (100) or the gate insulating film 
(17); and 

the main orientation of the surface substantially 
perpendicular to a direction for connecting the 
first (20) and second (19) charge transmitting 
and receiving means of the first semiconductor 
film is {100}. 

5. The thin film semiconductor device of any one of 
claims 1 to 4, wherein a region (30) thicker than the 
channel region (12) is formed on part of the charge 
transmitting and receiving means (20) constituting 
the above semiconductor layer. 



6. The thin film semiconductor device of any one of 
claims 1 to 4, wher in at least one projection having 
a width of 5 ujn or less and a length of 5 urn or less 
is formed on the p ripheral portion on th same 

5 plane of the s miconductor layer. 

7. A thin film semiconductor device having at least two 
semiconductor device portions on an insulating 
substrate (1 00), a second semiconductor layer (41 ) 

10 and an insulating film layer (40) selectively formed 
on a partial region of the insulating substrate (100), 
the laminate consisting of the second semiconduc- 
tor layer (41 ) and the insulating film (40) layer being 
in contact with a first semiconductor layer, the sec- 

15 ond semiconductor layer (41 ) being not existent be- 
tween a first semiconductor device and a second 
semiconductor device, a gate electrode (1 8) formed 
on the first semiconductor layer through a gate in- 
sulating film (17), first charge transmitting and re- 

20 ceiving means (20) and second charge transmitting 
and receiving means (1 9) formed on the first semi- 
conductor film at a predetermined interval therebe- 
tween, and a channel region (1 2) formed between 
the first (20) and second (19) charge transmitting 

25 and receiving means. 

8. A thin film semiconductor device having at least two 
semiconductor device portions on an insulating 
substrate (100), a second thin film (50) which is se : 

30 lectively formed on a first thin film having a first heat 
conductivity and which has a second heat conduc- 
tivity higher than the first heat conductivity, the sec- 
ond thin film (50) being not in contact with a semi- 
conductor layer and arranged between a first sem- 

35 iconductor device portion and a second semicon- 
ductor device portion, and the semiconductor de- 
vice portions being the thin film semiconductor de- 
vice of any one of claims 1 to 4. 

40 9. A thin film semiconductor device having at least two 
semiconductor device portions on an insulating 
substrate (1 00), a second thin film (51 ) which is se- 
lectively formed on a first thin film having a first heat 
conductivity and which has a second heat conduc- 
es tivity lower than the first heat conductivity, the sec- 
ond thin film (51) being in contact with a semicon- 
ductor layer and not arranged between a first sem- 
iconductor device portion and a second semicon- 
ductor device portion, and the semiconductor de- 
50 vice portions being the thin film semiconductor de- 
vice of any one of claims 1 to 4. 

10. The thin film semiconductor device of any one of 
claims 1 to 9, wherein the insulating substrate is a 

55 low-melting glass substrate. 

11. The thin film semiconductor device of any one of 
claims 1 to 10, wherein the surface roughness of 
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the channel region (12) is smaller than 20 nm and 
the internal tensile stress of the channel region (12) 
is 1 0 9 dyn/cm 2 or more. 

12. The thin film semiconductor device of any one of 
claims 1 to 1 0, wherein the density of metal ele- 
ments contained in the semiconductor layer is 1 0 19 
cm* 3 or less and the density of crystal defects con- 
tained in the channel region (12) is 10 17 cm' 3 or 
less. 
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13. The thin film semiconductor device of any one of 
claims 1 to 10, wherein the surface of the insulating 
substrate in contact with the semiconductor layer 
has undulation with a height of 10 nm or more. 15 



means (201 , 202, 203) of modulating the pulse 
width of a laser beam, the time-dependent 
shape of laser beam intensity and the interval 
of laser beam pulses, 

means (204, 207, 208) of shaping the irradia- 
tion range of the profile of the laser beam irra- 
diated from an oscillation source to a predeter- 
mined form and focusing it on an object to be 
irradiated, and 

means of moving the insulating substrate (205) 
at a predetermined speed and pitch in synchro- 
nism with the irradiation of the laser beam. 



14. A process for producing a polycrystalline semicon- 
ductor film by carrying out separately the step of 
growing crystal nuclei in a semiconductor layer 
formed on an insulating substrate (100) and the 
step of melt recrystallizing a semiconductor thin film 
by irradiating a laser beam to grow crystal grains. 



20 



15. A process for producing a polycrystalline semicon- 
ductor film of claim 14, wherein a non-crystalline 
semiconductor film formed on the insulating sub- 
strate (1 00) is melt recrystallized by irradiating a la- 
ser beam to grow crystal grains. 



25 



16. The process for producing a polycrystalline semi- 
conductor film of claim 14, wherein the wavelength 
of the laser beam is selected from a range of 240 
nm to 600 nm and the absorption coefficient for the 
wavelength of the non-crystalline semiconductor 
film is larger than the absorption coefficient of the 
polycrystalline semiconductor film. 



30 
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17. The process for producing a polycrystalline semi- 
conductor film of claim 14, wherein the crystal nuclei 
of the polycrystalline silicon film formed on the in- 
sulating film are formed by melt recrystallization by 
the irradiation of a laser beam. 



40 



18. The process for producing a polycrystalline semi- 
conductorfilm of claim 14, wherein the crystal nuclei 
of the polycrystalline silicon film formed on the in- 
sulating film are formed by catalytic chemical vapor 
deposition. 



45 



19. The process for producing a polycrystalline semi- 
conductor film of claim 14, wherein the pulse width 
of the irradiated laser beam is 1 00 ns to 1 ms in the 
step of growing crystal grains by melt recrystalliza- 
tion. 

20. A semiconductor film production apparatus com- 
prising: 



50 
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